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Abstract 
Urban biogas project is important to satisfy the growing energy demands and improve the energy mix. Since the 
economic profits and environment impacts are essential factors for feasibility of construction and utilization of urban 
biogas projects, it is crucial to assess their economic and ecological performances. This paper modified the traditional 
cost-benefit analysis based on emergy accounting. Supporting environment which was neglected by conventional 
cost-benefit analysis was incorporated into the accounting boundary from emergy perspective. Moreover, the costs 
and benefits were calculated with emergy metric to quantify both economic and environmental contributions. The 
results showed that the payback period was 4.26 years due to the potential environment investments. The modified 
accounting framework through combining emergy theory with conventional cost-benefit analysis may unveil the real 
cost and benefit of urban biogas project via an energy numeraire.  
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CBA Cost-Benefit Analysis 
UBP Urban Biogas Project 
 
Symbols 
EmRMB  Money equivalence of emergy 
EEC   Ecological economic cost 
EmRC   EmRMB cost 
EEB   Ecological economic benefit 
EmRB   EmRMB benefit 
EENPV   Ecological economic net present value 
EEBCR   Ecological economic benefit to cost ratio 
EEPB   Ecological economic payback period 
EmRCI   EmRMB construction investment 
EmRNP    EmRMB net profit 
r                Discount rate 
 
Subscript 
i              i-th cost 
j  j-th benefit 
t              year 
1. Introduction 
Biogas as renewable energy, is well thought to be an important option to satisfy the growing energy 
demand in urban areas [1]. The construction of biogas digesters is a key program to increase the supply of 
clean energy, achieve emission reduction and promote sustainable development [2]. However, the 
economic feasibility and environment performance of biogas need to be evaluated before the launch of 
UBP to avoid possible financial loss and ecological degradation. 
Traditional cost-benefit analysis (CBA) has been widely used to demonstrate economic feasibility and 
assessment the performance of biogas projects. Some research focused on the economic performance of 
biogas production with particular emphasis on the financial benefits and economic costs [3-5], which is 
practicable for local government to assess the economic feasibility of the UBP. However, there exist 
crucial problems for performance evaluation of UBP by CBA. For example, UBP has significant 
environmental effects, which are often ignored by CBA. It should also be noted that environmental 
investments (e.g. solar energy, wind, rain, fermentation materials) and additional nonmarket ecological 
benefits (e.g., carbon emission reduction, pesticide reduction, health improvement) are difficult to be 
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measured by CBA [6-8]. As can be seen, CBA is unable to assess both economic value and environment 
contribution [9]. 
Emergy is defined as the total amount of available energy of one type (usually solar) that is required to 
form a product or service both in direct and indirect ways, which can incorporate both environment and 
economic contributions to the UBP [10, 11], and thereby provide an accounting basis to value the costs 
and benefits during the whole operation of UBP [12-16]. The integration of CBA and emergy will 
facilitate our knowledge of the systematic performance of UBP, thus unveiling supplementary 
information of the indirect support from surrounding environment to the UBP. 
This work established the emergy-based CBA to conduct a comprehensive assessment of the UBP. 
The reminder of this paper is organized as follows. Section 2 has drawn ecological-economic framework 
for the performance analysis of the UBP. Section 3 is the description of emergy theory and the modified 
cost-benefit analysis model. Some brief results are presented in Section 4. 
2. Ecological-economic framework 
The majority of ecosystems are managed by humans to guarantee the supply of specific goods and 
services human-being need. The generation and exploitation of theses goods and services not only rely on 
natural processes (e.g., solar radiation) but also human activities. Therefore, the use of such inputs leads 
to both environmental cost and economic cost, at both local and global scale [17]. The integrated 
quantification of environmental and economic value depends on interlinked ecological-economic 
framework which requires the combination of different theoretical frameworks and assessment methods 
from both economic and biophysical aspects [18]. 
The economic-ecological modeling framework for the UBP that we present is an extension of the 
traditional economic approach based on a biophysical approach (emergy). The accounting basis in 
emergy theory is based on the amount of environmental and human activities invested to produce and 
refine resources; namely, both environmental and economic costs are covered from a donor-side 
perspective [19]. The proposed framework could be helpful for comprehensive performance evaluation 
and decisions on trade-offs between environment and economic development when different types of 
costs and benefits of UBP are involved. 
3. Methodology  
3.1. Emergy Accounting  
Using transformity, energy, material, and monetary measures of all kinds can be converted to the same 
basis (solar emjoules) by 
Emergy=energy*transformity                                                                                                                  (1)         
EmRMB as an accounting basis in terms of environment and economic contribution is regarded as 
money equivalent flows of a country in a given year, which can be gained by 
EmRMB= Emergy EmRMB Ratio                                                                                                                  (2) 
where EmRMB ratio is the ratio of total emergy of a country  used to generate GDP in certain year.      
3.2. Ecological economic cost-benefit analysis    
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3.2.1 Ecological-economic benefit and cost 
Ecological Economic Cost (EEC) refers to the additional ecological economic cost of the construction, 
operation and utilization of the UBP: 
n
i=1
EEC= EmRCi¦                                                                                                                                                                             (3) 
where EmRCi is the EmRMB cost for the i-th additional cost (i=1,2,..n), including (1) construction cost 
of the UBP (such as bricks, steel, stone, cement) (2) operation cost of the UBP (fermentation cost, 
maintenance cost and utilization cost) 
Ecological Economic Benefit (EEB) stands for the increasing ecological economic benefits due to the 
operation of the UBP: 
m
j=1
EEB= EmRBi¦                                                                                                                                           (4)            
where EmRBj stands for the j-th benefit (j=1,2,…n), including (1) substitute economic benefits of coal 
saving, firewood saving, electricity generation, fertilizer saving , feed saving and increased fruit; (2) 
environment benefits, such as carbon emission reduction, pesticide reduction as well as health 
improvement. 
3.2.2 Ecological economic net present value (EENPV) 
Ecological Economic Net Present Value (EENPV) is a measure of the net current value in terms of 
future EEC and EEB, and therefore determines the ecological- economic profitability of the UBP. It can 
be calculated using following equation: 
         
n
t
t=0
(EEBt-EECt)
EENPV=
(1+r)
¦                                                                                                                    (5)           
where r represents the discount rate and t is the specific year of the project, t0 stands for the first year of 
the project, namely, construction period. 
3.2.3 Ecological economic benefit to cost ratio (EEBCR)  
Ecological Economic Benefit to Cost Ratio (EEBCR) is a measurement of input-output efficiency, 
which is also a reflection of the eco-efficiency of the UBP. The formula can be explained as following: 
          
n
t
t=0
n
t
t-0
EEBt
(1+r)
EEBCR=
EECt
(1+r)
¦
¦
                                                                                                                            (6)            
where r is also the discount rate and t is the timescale of the project. 
3.2.4 Ecological economic payback period (EEPB) 
Ecological Economic Payback Period (EEPB) is the amount of years the project would take to get its 
construction cost back. The smaller EEPB means that all the cost could be compensated in a relatively 
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short period and the operation risk of the UBP could be reduced. The ratio could be an indicator for 
operation risk of the UBP. The formula can be calculated as: 
       EEPB= EmRCI EmRNP                                                                                                                        (7)         
where EmRCI is the construction investment based on EmRMB value, and EmRNP is the EmRMB net 
profit every year which equals annual EmRMB benefit less annual EmRMB cost. 
3.2.5 Comprehensive performance indicator 
Ecological Economic Effectiveness Coefficient (EEEC) is a composite index and could reflect the 
integrated effect of the project. 
     
EENPV*EEBCR
EEEC=
EEPB
                                                                                                                       (8)         
4. Results and discussion 
The total EmRMB cost of the UBP is calculated to be 86,300 yuan all over the 10 years lifetime. The 
total EmRMB cost in construction phase is 61,600 yuan, accounting for 74.1% of total cost. The reason 
for large EmRMB cost of construction stage is the large amount EmRMB value due to the numerous 
natural contributions for the construction materials, such as bricks, stone and cement. The operation phase 
costs average 2,470 yuan annually due to the fermentation cost and maintenance cost as well as the 
operation cost. As for economic cost of UBP, the construction cost is near 1769.43 yuan, but the total 
fermentation, maintenance and utilization cost is 877 yuan annually. Thereinto, labor cost covers a large 
proportion in the operation period (78.6%). In terms of EmRMB benefit of the UBP, total amount is 
249,000 yuan for 10 years. Thereinto, the substitute EmRMB benefits are 246,000 yuan gaining from the 
multiuse of biogas and biogas coproducts. The total amount of environment benefits is 2810 yuan due to 
the EmRMB benefits of carbon emission reduction, health improvement because of sanitation 
improvement. Concerning the economic benefits of UBP, the total substitute benefits could be about 
17135.82 yuan for the whole lifespan, in which coal and fertilizer occupy a large proportion, 41% and 
42% respectively.  
Based on the EmRMB costs (benefits) and economic cost (benefits) mentioned above, the index 
EENPV in the whole lifespan (10 years) of the UBP is 105332.24 yuan, and 4754.13 yuan for 
conventional NPV, meaning that the UBP has outstanding performance after considering the environment 
impacts. EEBCR and conventional BCR is 2.31 and 1.55, reflecting that the UBP has a higher efficiency 
from emergy perspective. The EEPB is 4.24 years, which is longer than 2.2 years for conventional PB. It 
is no doubt that either the EmRMB costs or the economic costs can be paid back in the whole lifespan of 
UBP. EEEC is 56811.14, while conventional EC is 3353.52. The UBP has far more intelligently 
integrated effect from ecological-economic angle. 
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